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® Fibriltoted libers and articies made therefnMn. 

® This Invention relates to fitjrillated fibers having particular physical characteristics, articles made therefrom 
as well as methods of producing the same. In particular the fibrillated fibers are defined by their Canadian 
Standard Freeness in combination wrHh their Tensile Strength when fbnned into a sheeL 
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FIBRIUATED FIBERS AND ARTICLES MADE THEREFROM 



BACKGROUND OF THE INVENTION 

The fibrinafion of fibers, fibrillated fibers and their uses are welMcnown to those skilled in the art For 
5 example, U.S. 2,810,646 to Wooding at al discloses a water laid web comprising filtered, heat-bonded, 
water'-fibrillated, wet-spun filaments. The filaments are of a polymer selected from the group consisting of 
polymerized acrylonitrile and a copolymerized mixture of acrylonitrfle and up to 15%, by w^ght of at least 
one other monomer copolymedzable therewith. U.S. 4.495.030 to Gigfia discloses the use of a fibrillated 
fiber to provide cohesiveness and support to a wet-laid sheet containing active cartxm and sut)mtcron glass 
10 fit)ers. U.S. 4J56SJ27, also to GigDa, discloses the use of a fitxillated fiber to provide cohesiveness and 
support to a wet-laid sheet containing active cartxm in the form of carbon fibers and carbon particles. 

Various nonwoven structures using a fibrillated acrylic fit)er were disclosed in GIgila et al; Novel 
Nonwoven Acttvated Carbon Fiber Papers presented to a meeting of the Americai Chemical Soci^ in 
April of 1984. 

rs Recently, there has been much Interest in the possible use of nonwoven fabric technology to pKoduce 
paper and felt like structures contaning activated cartxm for use In chemical protective clothing and filtering 
applications inducfing both gas and liquid filtering. Tfie afbrementic^ied Gtgiia paper described several 
nonwoven adsorptive felt like structures having loadings of activatsd carix^n fibers or powders. In that paper 
it was disclosed that a fibrillated acrylic fiber, produced according to the process set forth therein, was 

20 useful in permitting high toadings of filler materials, such as activated carbon fit)ers and powders in the 
nonwoven fabric while maintaining good wet strength and chemical resistance. 

While many Inncfing agents have tieen av^lable in the past, fibriltated fibers are t)ecoming of interest as 
they provide fine cfiameter fit>nls as opposed to those of heavier spun fibers. Generally, spun fibers are 
produced in sizes of ten microns or greater while it has been the experieru:e that sizes of less than a 

26 micron (cross section) are required to entrap and bind fine particles in nonwoven and other composite - 
structures. Need ^sts now, however, for binders which provide such entrapment properties which also 
provide reinforcement and strength to composite constructions. While the fil)rillated fit)ers of tfie prior art 
have provided adequate and Improved characteristics, recognized needs for further improvement in this 
field are apparent and a weteome contnlxition to the art would t>e a fibrillated fit>er having highly desired 

30 physical characteristics of low Canadian Standard Freeness in combination with relatively high Tensile 
Stndngtii. Heretofore, the limits of tiiese properties in the area of acryfic fibers has been such that fibrillated 
acrync fit>ers have not been available with a Canacfian Standard Freeness bekm about 200 and certainly not 
available in combination witii a useful Tensile Strength such that the material could t>e processed on 
conventionai nonwoven iabnc Bnes. These and otiier shortcomings of the prior art have been remedied by 

35 the discovery of tiie instant invention which will be described herein as fbltows. 



SUMMARY OF THE INVENTION 

40 The instant invention provides for a fibrillated fiber wherein said fiber has a Canadian Standard 
Freeness (CSF) of less than 200 in combination witti a Tensile Strengtii (TS), as will be defined herein, of at 
least 5 pounds per inch and preferably a CSF'of less tiian 100. A preferred base fiber is of an acrylic nature 
with espedaliy de^rable fibers having acrylonitrile contents of at least 85% (t)ased on weight of acryk>nltrile 
monomer content to total monomer content of the prepolymerization mixture). Particularly useful, fibers 

45 have polyacrylonitrile content in excess of about 89% and more prelerat)ly, between 88 and 90% on the 

same t>asis as set fortti above. The prefenred comonomers comprise metiiyl methacrylate which is *" 
preferably present at levels of at least about 10% by weight as discussed above. Other comonomers may 
be used wittiout limitation provided that their inclusion does not materially detract from the ability of the 
fiber to be fibrillated nor witti the properties of the fibrillated fiber produced. Compatibility of such dher 

50 monomers can easily be determined by one sidlled in ttie art by simple experimentation. 

Bctremely useful, fibrillated fibers and preferred for certain uses include fibers having a CSF of less 
than about 50 and/or a TS of at least about 7 pounds per Inch. Rbrillated fibers having CSF of less tiian 
about 25 are very desirable providing fabrications of extreme utility. 



2 



0 265762 



Included wfthin the scope of the Invention are nonwoven fabrics made with the fibers summarized 
above and In particular, nonwoven fabrics further comprising a toxic vapor absorptive agent including, but 
not limited to. activated carixxi. In several uses said activated carbon can comprise activated carbon fiber 
alone or in combination with a powder form present In said fabric at levels of up to about half the weight of 

5 the fabric, i^. the total fabric including all components including the activated carison. Such fabrics can 
further comprise other fibers including, but not limited to. up to about two fifths, by weight of glass fibers. !n 
cases where CSF values for the fiber are less than 100. amounts of activated caritx)n as described above 
may conveniently exceed half the weight of the fabric and in fact, can preferably exceed more than three 
quarters the weight of the fabric and more desirably in excess of about six sevenths and seven eighths, by 

10 weight, of the fabric. 

Preferable fabrics independent of their composition are pemneable to air and water vapor and provide 
improved components fbr such things including, but not limited to, breathing masks, garments and filtration 
systems. 

Generally, stwels comprising about 5% to about 65%. by weight, of the fibrillated fiber can be used to 
IS bind powders, flakes and fibers of various sources and descriptions. These materials include, but are In no 
way limitBd to, the activated carbon materials discusses above as well as other synthetic (organfe and 
Inorganic, i.e. glass, sIBcon, boron or the like) and natural fibers, powders, metalllcs. minerals and the like. 
These materials msjf be in sheets or may also be in the form of pellets or. fbr example, pressed powders or 
any ottier form whereby the inclusion of the fiber provides improved Integrity of structure. 

20 

DESCRIPTION OF RGURES 

Figure 1 Graphic Representation of Data of Example 1 CSF 
26 Rgure 2 Photomicrograph Example 1 Representative Rbers 15 min. 

Figure 3 Photomk:rograph Example 1 Representative Fibers 25 min. 

Rgure 4 Photomicrograph Bcample 1 Representative Rbers 35 min. 

Rgure 5 Photomicrograph Example 1 Representative Rbers 45 min. 

Rgure 6 Graphic Representations of Data of Example 2 CSF 
30 Rgure 7 Graphic Representations of Data of Example 2 TS 

Rgure 8 Photomicrograph Example 2 Representative Rbers 20 min. 

Rgure 9 Photomicrograph Example 2 Representative Rbers 35 min. 

Rgure 10 Photomicrograph Example 2 Representative Rbers 60 min. 

Rgure 11 Photomlcrogra;^ Example 2 Representative Rbers 75 min. 
35 Figure 12 Photomicrograph Example 2 Representative Rbers 90 min. - 

Rgure tS Graphrc Representation of Data of Example 3 CSF 

Rgure 14 Graphic Representation of Data of Bcample 3 TS 

Rgure 15 Photomicrograph Bcample 3 Representative Fiber 50 min. 

Rgure 16 Photomicrograph Example 2 Representative Fiber 70 min. 
40 Rgure 17 Photomicrograph Example 2 Representative Rber 90 min. 

Rgure 18 Photomicrograph Example 2 Representative Rber 110 min. 

Rgure 19 Photomicrograph Bcampte 2 Representative Rber 130 min. 

Rgure 20 Photomicrograph Example 2 Representative Rber 150 min. 

Rgure 2t Graphic Representation of Data of Example 4. 

46 

DETAILED DESCRIPTION OF THE IIWENTION 

The fibrillated fibers of the instant Invention comprise In combination a Canadian Standard Freeness of 
50 less than 200 In combination vtrth a Tensile Strengtti of at least 5 pounds per inch as will be hereinafter 
defined. 

Canadian Standard Freeness is measured as is described in a test set forth In an article entitied mie 
Determination of Reeness" Standard C.I. Approved Metixxj. October 1940. Revised May 1952. October 
1962, September 1967. June 1969 and April 1972. prepared by the Physical and Chemical Standards 
58 Committee. Technk^i Section, Canadian Pulp & Paper Associates. 
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Tensile Strength is measured according to Federal Standard 191 A TM 5100 as follows: 
0.63g (Dry WeighQ of the fibrillated fiber is slunied In 200 ml of water. This slunry is then added to a 
12.5 cm ID Buchner funnel containing a liner of No. 1 Whatman filter paper. Vscuum is used to form a 
test sheet on the filter paper layer. The test sheet is then separated from the filter paper support and is « 

5 dried to constant weight in an air oven at about 1 lO^'C. The resulting sheet is then cut into 1 .0 inch 

strips which are evaluated for tensile strength to break according to Federal Standard 191 A TM 5100. « 
Preferably, fibrillated fibers having a CSF of below 100 and/or a Tensile Strength of at least 7 pounds 
inch are particuiarty useful, and fibers having CSF values below about 50 and 25 are found to have 
desirable and very desirable characteristics, respectively. 

TO With regard to the fiber from which these fibrillated fit>ers are made, acrylic based fibers are preferable. 
In particular, those in which the acrylonitrile monomer contribution is at least 85%, by weight, of the fiber. 
By monomer contribution is meant the weight of the monomer employed in the reaction mixture based on 
the total weight of an monomer contained therein just prior to initiation of the polymerization. Rbers with 
higher acrykmitriie monomer contribution are particuiarty preferred. Acrylic contents in excess of 89% are 

fs desirable an6 particuiarty preferred are compositions where the content is about 89 to 90 percent While 
any compatible comonomer may be used, methyl methacrylate has be^ found to be particularly suitak>le 
espedally when Its monomer contribution is at least 10%» by weight inclusion of other comonomers can be 
made with simple esxperinientation based on tiie anciRary properties tiiat tiiey can provide provided tiiat 
their inclusion does not materially detract firom the ability to achieve the aforestated CSF and TS values 

20 critical to the inst^ invention. Wittiout wishing to be bound by the theory, it is believed that fibers useful In 
producing the fibrillated fibers of the instant invention are those wherein the comonomer mix provides a 
fiber having lateral weakness and longitudinal strength. When using acrylic fibers, the prefened form of the 
Invention the fibrillated fiber precursor can be made by conventional wet-spinning methods. In the best 
mode contemplated at the time of the filing of this application; wet-^n, gel, hot*stretched and uncollapsed 

25 acryfic fibers comprising about 90%, by weight and 10%, ty weight acrylonitrile and metiiyl methacrylate 
monomer contribidions are employed. Specifically, contemplated comonomers tiiat also may be useful 
include ottier simiiar acryiates, such as. for example.^ etiiyl acrylate. Similariy. homopolymers and 
copolymers of other fiber forming monoetiiyienically unsaturated monomers, such as vinyiacetate, vinyl 
chloride, styrene, vinyl pyridine, acrylic esters, acrylamide and the like are within the scope of materials 

so contemplated hereia Bcampies of still ottier copolymerizable monomers whteh are ccmtemplated include 
those as described in U.S. 3.047.455. 

The fibrilldBd fibers of the Instant invention can be made using a modified commercial blender. In 
general, it has been found advantageous to use a modified Waring brand commercial blender wherein the 
as supplied blade has been modified to provide a break edge of about 0.25mm on the working edge. In 

35 operation a relatively dOute slurry or precursor fiber in water is introduced into the blender device which is 
then run for about at least one-half hour to about at least one hour depending upon the molecular weight of 
the fiber being used. Wtth acrylic fiber having what is considered a high molecular weight i.e. ca. 58,000. a 
process time as short as one-half hour was found to be adequate while witii a material of what is considered 
a low molecular weight i.e. ca 49,000, a minimum of about an hour was required: For the invention ttte 

40 «cact time of processing is not critical and will vary with the character and make-up of ttie precursor. I.e. 
molecular weight and monomer content and will be easily determined in view of tills disclosure by simple 
experimentation. What has been found to be critical was control of the temperature of the slurry while it was 
being processed. In prior art techniques, and as will be demonstrated In tiie Examples to folkw, no attention 
was paid to the heat of the slun7 mixture. Imespective of the nonnal starting temperatures. i.e. room 

45 temperature, tiie mechanical action of the processing resulted in imparting heat energy to the slurry and 
slurry temperatures in excess of about SO^'C were experienced. Rbers pnxluced titusly had CSF levels of 
about five-hurKired to seven-hundred, and values of less than that were unable to be achieved prior to loss f 
of useful Tensile Strengtii as defined by tiiese improved fit>ers. tmportantiy, rt was discovered that by 
providing means to maintain the temperature of tiie slunry in a lower range that the fibrillated fitters of the ^ 

60 instant invention were obtainable for tiie first time, in general, slurry temperatures, when using tills 
technique maintained tielow at>out 30 ""C, produced fibers within the scope of the instant invention. It is 
contemplated within the scope of the invention that variation of the slurry temperature in and around 20- 
30^*0 using the aforedescribed technique alone or in combination witii variations of sluny solids content will 
enable infinite variation of the critical parameters of CSF in combination with TS as may be required for tiie 

55 end use of the fibrillated fiber. 
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It is recognized that use of the commercial blender as descril)ed above Is somewhat Dmited with regard 
to the amount of the fiber of the invention which can be produced in any one batch. It has been found that 
larger amounts of the material can bB produced using larger equipment It is cautioned that many 
conventiortel cutting and beating devices have been attempted to date that do not produce fiber within the 
5 scope of that of the instant invention. It has been found that when a Daymax brand 10 gallon mixer was 
modified as per the modification on the smaller Waring device (i e. -0.25mm break edge modification) 0.7% 
stum'es of precursor maintained below 30*^0 and processed for about four hours produced fibrillated fiber 
within the scope of the Invention. 

Optionally, it has been found that use of a dispersant during processing, such as, for example. Aerosol^ 

10 OT-75. as available from American Cyanamid Company, Wayne. Hew Jersey, or any similar such material 
facilitates the processing. The exact blending parameters or the equipment employed are not limiting with 
regard to the scope of the invention and it is contemplated that such may be varied and modified with 
simple experimentation by one skilled in the art in view of this discbsure. 

In accontoice with the present invention, there is also provided an Improved fabric comprising said 

16 fibrilltfed fiber atone or in combination with preferably a toxic absorbing agent or filtration material. In uses 
where sakf fabric will act as an element In a filtration system. It is preferable that said fabric be penneable 
to air and water vepor. Included within the scope of the filtration and toxto absort^ing agents are activated 
carbons either In fiber or powder form or in mixtures thereof either atone or in combination with other 
agerrts. In one preferred mode the improved products of the present Invention are prepared by wet-laying 

20 the activ^Bd carbon fibers, activated cartxwi particles and fibrillated acrylic fibers from a water suspension 
thereof. The ajspension should contain from about 1-15%, by weight, based on the total weight of fibers 
and particles, preferably from about 1-5%. by weight of the fibrillated acrylfc fibers, from about 6-75%. by 
weight same basis, preferably fiom about 10-65%. by weight of the acth/ated carixxi fitter and from about 
15-85%. by weight same basis, preferably firom about 20-70%, by weight of the activated carixm particles. 

25 the total weight of the three components being 100%. 

The acth/ated carbon particles, activated carbon fiber and fibrillated acrylic fiber are wet-laid using the 
conventional paper-making process well known in the art Ftocculating agents and surface active agents can 
be Incorporated into the water suspenston in order to facilitate the paper-making procedure as Is also known 
In the art The bulk of the acrylic fibrillated fibers should range firom about 1mm to about 10mm in length. 

30 The activated carixm fibers are also well known in the art as are methods for their production. They can 
be used In lengths of fixwn about 0.3 to about 15.0mm. preferably from about 0.5 to about 10.0mm, and can 
be prepared from such cartwn fiber precursors as coal tar pitch, petroteum pitch, coal tar. petroleum 
derived thermal tar, ethylene tars, high-boiUng coal tar distillates, ethytene tar distlllalBs. gas oils or 
polynuctoar aromatics. Also usehil as precursors are polymers, such as acrytonilrile homopolymers and 

35 copolymers, polyvlnylalcohol, phenolte-aWehyde and natural and regenerated cellulose. Methods for prepar- 
ing activmed carison fibers useful herein are disctosed In U S. 4,069.297 and 4,285331. whtoh patents are 
hereby Incorporated herein by reference. 

The acth^ated carixm powder or particles have a particle size ranging from about 0.1 to about 500 , 
preferably finom about 1.0 to about 80 and are also prepared from any of the carbon precursors described 

40 above. 

The wet-lay sheet making process (paper making) used herein for the production of the novel fabric 
material of the present Inventton results in a product having unique sorptive characteristics, a thickness of at 
least about 0.005 inch, preferably at least 0.01 inch, a high sorptfve capacity to weight ratio and high 
porosity to fluid flow. The equilibrium toading of absorptive carbon fiber is higher than conventtonal 

45 actlvaled carbon powder products. The products of the present invention are more porous than sheets 
containing only cartxw particles. The caxtxm fiber, which tends to lay parallel to the plane of the sheet 
produces a longer fluid flow path through the sheet which increases the time available to adsorit) impurities. 
The novel products hereof accept an unexpectedly high additional toading of active carbon powder. The 
combination of active carix>n fiber and active cartx>n particles results In a higher performance versus cost 

50 ratio than sheets v\fhich contain only one of these active ingredients. 

The surface of tiie novel fabric material of ttie present inventton may be embossed during or after Its 
production to Improve sheet flexibirity and/or porosity. The novel nonwoven fabric material may be 
laminated to a woven, nonwoven, knitted etc backing, such as matts. felts, papers, etc produced from 
cotton, hemp, flax, ramie, jute, silk. wool, leather, flannel, flannellette. swansdown. poplin, cellulose ethers or 

55 esters, nyton. rayon, acetates, polythene, glass, rock wool, asbestos. In order to strengttten tiie material. 
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Lamination of tlie novel products hereof to the above-mentioned backing materials may be achieved by 
the use of water vapor and-air penmeabie adhesives. preferably those available in the fonn of foams, such 
as rubber or acrylic latexes, pdyurethanes and the fike. These adhesives are self-adhering and upon curing 
foarn and set into strong bofuis. 

5 The surface of the novel febric material claimed herein may be rendered hydrophobto by coating with a 
porous siHcone film or a polymer, such as polytetrafluoroethylene. Additionally, a reactive coating capable 
of decomposing toxic agents, e.g. a coating of a sulfonated polymer to hydrolyze nerve gas. may t^e 
applied thereto so that the activated cartDon particles and fibers form a second Kne of defense. 

The fabric material of the present invention has a wide variety of uses, it is useful for protective 

10 purposes and for filtration and separation of gases and liquids. The uses include the manufacture of the 
faMc material into wearing apparel, e.g. military uniforms. t)iankets, sleeping bags, bedding, surgical 
dressings, wrappers and containers, covers, tarpaulins, tents, curtains, gas masks, paint spraying masks, 
ar-conditioning duct filers, flue gas deodorizers and ttie like. 

In general when fibers of the instant invention are employed having in combination CSF and TS values 

fs of less than two-hundred and fim pounds p^ inch, it has been found that up to about one half of the 
resulting fSDers w©ght can conveni^itly comprise activated caribon either in fiber or powder form. When the 
CSF value is reduced to below about 100, even higher toadings can be obtained, in increasing dearability 
the actuated carbon component of the febric system can comprise more than one half to three fourths of 
the fabric by weight, and most desirably to in excess of sixth seventh and even seven eighths of the total 

20 fabric weight Additionally, major proportions of other fibers (i e. glass up to about two fifths, by weight) and 
materials may be incorporated to provide other des'rable qualities to the fabria 

In addition to the critical parameters of the fibrillated fiber of the instant invention, the fibers are further 
characterized by the fblkywing examples and related gr^s and photomicrographs derived therefrom which 
are provkfed for illustration only and are not to be construed as limitations on the present invention except 

25 as set forth in the appended claims. All parts and percentages are as defined atx>ve unless otherwise 
specified. 



BMMPLE1 

30 " 

(COMPARATIVE BASIS) 

A commercia} Waring blender having a capacity of one gallon In the blending chamber was modified by 
providing about a 0.25mm break edge on the working edges of the blade. Next a sluny of an acrylic fiber, 

39 about 0.56%. by weight, was made up in two Titers of water to which was also added 2ml of a solution of 
O.tmgnoOm^ of Aerosol(» OT-75. The particular fiber, having a molecular weight of about 58,000, used was 
that sold by American Cyanamid Company under the designation of T-98 and had an acrylonitrile content of 
89^ and a methyl methylacrylate content of 10.8%. The staple before processing had a length on 
average of rfxHJt three-eigfiths inch and a denier of atxjut 5A The suspension was then charged to the 

40 blender and was then processed for a period of forty-five minutes. Aliquotes were removed from the 
process slurry at 15, 25, 35. and 45 minutes and the temperature of the slurry was noted. The resulting 
fibrilimed fiber from each aliquote was evaluated for CSF and TS as indicated in the body of the 
spedficatkm above. In partteular, TS was made on a 100% she^ of SOJOgfrn^ basis weight formed by 
adding about 0.63 grams (Dry) of the fibrillated fiber in 200ml water to a 12.5cm 1D Buchner funnel 

45 containing a Tmer of No. 1 Whatman filter paper under vacuum. Once the test sheet was separated from the 

finer and dried, it was cut Into one inch strips and evaluated. 

The resulting data is set forth in Table 1 and is graphically depicted in Rgure 1. As will be seen CSF 

values of the normalized plot were within the range of about five to seven hundred. The single point at 

thirty-five minutes is believed to t>e an anomaly and in any event had a value in excess of 225. Additionally 
60 provided as Rgures 2, 3, 4 and 5 are photomicrographs of the resulting fibrillated fibers conresponding 

respectively to the 15, 25. 35 and 45 minute aOquotes each magnified to the same scale (note reference for 

scale comparison) showing the results of the fiber processing. 
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EXAMPLE 2 

The procedure of Example 1 was repeated with the following modifications: 

5 a) The Waring blender was fitted with a water cooling device such that the temperature of the slurry 

could be maintained between 24*C and SO^'C during processing. 

b) The blender was charged with a slurry containing 21 grams of fiber In three titers of water G.e. 
consistency 0.7%) to which was added 1 mi of the dispersant solution. 

c) The blender was operated in the low speed mode for ninety minutes and aPrquotes and 
10 temperature readings were taken after the 20th. 35th, 60th. "^th and 90th minute of processing, which 

samples were evaluated as before. Raw data is shown in Table 1 and is graphically represented in Figures 
6 (CSF) and 7 (TS) with Rgures 8 through 9 being the photomicrographs of representative fibrillated fibers 
from tlie 20th through 90th minute aliquotes. respectively. As will be seen from the graphic representations 
of the data, the critical combinations of low Canadian Standard Freeness and high Tensile Strength were 
75 achieved with processing times greater than about one-half hour. 



EXAMPLE S 

20 The procedure of Example 2 was repeated with the single exception (aside from processing times as 
shown) that a lower molecular variant (mw»49,000) of the fiber was employed. Samples and temperatures 
were taken after the 50th. 70th. 90th. 110th. 130th and 150th minutes of processing. Raw data is presented 
in Table 1 and is graphically represented In Figures 13 (CSF) and 14 (TS) with Rgures 15 through 20 being 
the photomicrographs of representative fibrillated fibers from the 50th through 150th minute aliquotes. 

25 respectively. As will be seen from the graphic representations of the data, the critical combination of tow 
C^anadian Standard Freeness and high Tensile Strength were achieved with processing times greater than 
about one hour. 



30 EXAMPLE 4 

The mixer blade of a Daymax 10 galton mixer was modified as per the nrKXiificatton of the Waring 
blender in Bcample 1. The mixer tank was then charged with about seven gallons of a slun7 of the same 
fiber and concentrations of Example 3. As will be seen from Rgure 21, a graphical representation of the raw 
35 data shown In Table 1 (running times of 2. 21/2. 3. 31/2 and 4 hours) at the end of four hours CST dropped 
to 70 and Tensile Strength was 11 lbs/inch, well within the critical limfts defined herein. During the run. 
temperature was maintained vis-a-vis tiie application of about 50ft>s of ice per running hour. 



40 

TABLE 1 
EXAMPLES 1 ^ A 

Temp CSF Tensile 

SL,. Iba/lnch 



Ex a mp le Rtuinlng 
yo> Time 



so 



55 



15 mln 
25 
35 
45 



40 
45 
45 
52 



730 
650 
230 
650 



6*0 
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(Eseamples 1-4 Continued) 

Example Bunnlng Temp CSF Tensile 

Na. Time oC ^1 1 Ibs/inch 



20 min 
35 
60 
75 

90 - 



30 
26 
27 



290 
30 
29 
8 
38 



2.1 
9.4 
9.7 
16.3 
12.9 



50 min 

70 

90 

110 

130 

150 



<30 
<30 
<30 
<30 
<30 
<30 



768 
142 
28 
29 
14 
8 



1.8 
9,7 
6.9 
12.1 
7.4 



4 2 hrs 26 

2 1/2 

3 27 
3 1/2 22 
4 

EXWKIPLE 5 

A mixture of 14% fibrillated acrylic fibers, 18% activated carbon fiber and 68% activated carbon powder 
in 18 L of water is formed into a sheet using a standard liand paper maldng mactiine. The dieet is dried 
under pressure at 70"C to 120*0. The resultant fobric material is effective for the removal of toxic materials 
from vapor passed through it 



750 
650 
540 
200 
70 



11.4 



EXAMPLE S 

The procedure of Example 5 is again followed, except that 12% fibrillated acrylic fiber. 59% activated 
carbon fiber and 29% active carbon powder are employed and the paper material is embossed after 
forming but before drying. The resulting fabric material is effective for the removal of toxic materials from 
vapor passing through it 



EXAMPLE 7 



The procedure of Example 6 is ag^n followed, except that the fabric material is not emt>ossed. After 
drying the material is laminated to a 65/35 poiycotton fabric utilizing a commerciaily available acrylic foam 
adhesive. The resulting product is effective for the removal of toxic materials from vapor passing through it 
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EXAMPLE S 

The procedure of Example 5 is again followed, except ttiat 45% fibrillated acrylic fiber arKi 55% 
activated carbon powder are employed. No activated carbon fibers are present The resulting fiber is 
5 ^ective at removing toxic materials from vapor passing through it 



BCAMPLE9 

The procedure of Bcample 6 is again followed, except that 6.3% fibrillated acrylic fiber and 93.7% 
activated carbon fiber are employed. No activated carbon particles are present The resulting fabric material 
is effective ^ removing toxic material from vapor passing through it 



15 BCAMPLE tO 

The procedure of Example 5 is again fbiiowed. except tiiat 19.4% fibrillated acrylic fiber. 80% activated 
carbon fiber and 0.6% polytetrafluoroettiyiene are employed. No activated carbon powder Is present The 
resulting material Is effective against removal of toxic vaporous material. 

20 

EXAMPLE 11 

The procedure of Example 6 is employed, except Vnat 6.3% of fibrillated acrylic fibers and 93.7% of 
25 activated carbon fibers are employed. No activated carbon powder is present Two layers of the resultant 
fabric m^Briai are lamki^ as in Bcample 7. The resulting product is useful for removing toxic elements 
from air. 



30 Claims 

1. A fibrillited fiber wher^n said fiber has a Canadian Standard Freeness of less tiian 200 in 
combination witii a Tensile Strength of at least 5 pounds per inch. 

2. The fiber of Claim 1 wherein said fitter has a Canadian Standard Freeness of less than 100. 
35 3. The fiber of Claim 2 wherein said fiber Is an acrylic based fiber. 

4. The fiber of Claim 3 wherein tiie acrylonitrile monomer contribution to said fiber Is at least 85 % by 
weigfit 

5. The fiber of Claim 4 wherein a comonomer of said acrylonitrile comprises metiiyl methacrylale. 

6. The fiber of Claim 4 wherein tiie acrylonitrile mononwr contribution to said filler is at least about 
40 89%. by weight. 

7. The fiber of Claim 6 wherein a comonomer of said acrylonitrile comprises mettiyl metfiacrylate. 

8. The fiber of Qaim 4 wherein the acrylonitrile monomer contribution to said fiber Is about 89% to 
about 90%, by weight 

9. The fiber of Claim 8 wherein a comonomer of said acrylonitrile comprises mettiyl mettiacrylate. 
45 10. The fiber of Claim 3 comprising at least about 10%. by weight of methyl mettiiBcrylate. 

11. The fiber of Claim 1 wherein said fiber has a Canadian Standard Freeness less tiian about 50. 
1^ The fiber of Claim 1 vrtierein s^d fiber has a Tensile Strengtti of at least about 7 pounds per inch. 

13. A fibrillated fiber wherein said fiber has a Canadian Freeness of less than alxmt 200 in combination 
witii a Tensile Strength of at least 5 pounds per inch and said fiber is a copolymer of a mixture of 

so monomers comprising acrylonitrile and metiiyl methacrylale wherein said acrylonitrile contribution com- 
prises at least 85%. by weight of tiie monomer mix and said mettiyl methacrylate contribution comprises at 
least 10%. by weight, of the monomer mix. 

14. The fiber of Claim 13 with a Canadian Freeness of less than atwut 100. 

15. The fiber of Claim 14 with a Tensile Strength greater than 7 pounds per inch. 
55 16. The fiber of Claim 15 witii a Canadian Freeness of less tiian about 50. 

17. The fiber of Claim 16 with a Canadian Freeness of less than about 25. 

18. A nonwoven fabric material comprising a weWaid sheet containing ttie fiber of Claim 1. 

19. The nonwoven fabric of Claim 18 wherein said fabric is air and water vapor permeable. 

9 
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20. The nonwoven fabric of Claim 19 further comprising a toxic vapor absorptive agent 

21. The nonwoven fabric of Ci^m 20 wherein said toxic vapor absorptive agent is activated carbon. 

22. The nonwoven labnc of Claim 21 wherein said activated cartxm comprises activated carbon fiber 
and is present at a level of up to about one half, by weight, of said fabric. 

5 23. The nonwoven tatonc of Claim 22 further comprising up to about two fifths, by weight of said febric 
of glass fitters. 

24. A nonwoven fabric material comprising a web-laid sheet containing the fiber of Claim 2. 

25. The nonwoven fabric of Claim 24 wherein said fabric is air and water permeable. 

26. The nonwoven fat)ric of Claim 25 further comprising a toxic vapor abisorptive agent 
70 27. The nonwoven fabric of Claim 26 wherein said toxic vapor agent is acti^nated carbon. 

2a The nonwoven fabric of Claim 27 wherein said activated cart)on comprises activated carixm fiber 
and is present at a level greater than about one half, by w^ght of s^d fabric. 

29. The nonwoven fabric of Claim 28 wherein the level of said acth^ated carbon exceeds about three 
fourths, kyy weight of said fatma 
IS 30. The nonwoven fabric of Claim 29 wherein the level of said acth^ated carbon exceeds about six 
sevenths, by weight of said fiber. 

31. The nonwoven fabric of Cl^m 30 wherein the level of said activated cart>on exceeds at)out seven 
^ghths, by weight of sad fiber. 

32. An Improved air, Dquid and water vapor permeable, toxic vapor ai>sorptive rKmwoven fabric material 
20 comprising a web-laid sheet containing fibrillated acrylic fiber and activated cartion, the improvement 

comprising said fibrillated acrylic fiber having a Canadian Standard Freeness of less than 200 In comtuna- 
tion with a Tensile Strength of greater than 5 pounds per inch and wher^n said activated cartoon comprises 
activatsd carbon fiber present in said fatiric at a level of about one half, by weight of said fatiric. 

33. The fabric material of Claim 32 further comprising atxHit two fifths, by weight of said fabric of glass 
25 fiber. 

34. An Improved air, liquid and water vapor penmeable. toxic vapor absorptive nonwoven fabric material 
comprising a web-laid sheet containing fibrillated acryfic fitter and activated carbon, the improvement 
comprising said fibrillated acrylic fber having a Canadian Standard Freeness of less than 100 in combina- 
Hon with a Tensile Strerigth of greater than 5 pounds per Inch and wherein said activated cart)on comprises 

30 acth/ated cartoon fiber present In said fabric at a level greater than about one half, by weight of said fabric. 

35. The nonwoven fat>ric of Claim 34 wherein the level of said activated carix)n exceeds afcxNJt three 
fourths, by weight of said fabric. 

36. The r)onwoven fak>ric of Claim 35 wherein the level of said activated catbon exceeds about six 
sevenths, by weight of said fabric. 

35 37. A personal protection device incorporating the fafcuic of Claim 1 . 

38. The personal protection device of Claim 37 wherein said device is a breathing mask. 

39. The personal protection device of Claim 37 wherein said device is a garment 

40. The personal protection device of Claim 37 wherein said device Is a gas or Hqtdd filtration system. 
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